INTRODUCTION
============

Benign prostatic hyperplasia (BPH) is a common condition affecting most elderly men, and patients with BPH present with various lower urinary tract symptoms (LUTS). The main complaints of BPH patients are obstructive symptoms such as a weak urine stream and hesitancy, although a considerable number of patients also complain of storage symptoms \[[@B1][@B2]\].

Alpha-adrenoreceptor blockers play a major role in managing the obstructive symptoms of BPH and are considered the first-line treatment for moderate to severe LUTS \[[@B3][@B4]\]. In addition, various alpha-adrenoreceptor blockers have been reported to be effective at improving obstructive and storage symptoms \[[@B5][@B6]\]. However, irritating storage symptoms, which may be related to consistent detrusor overactivity or which may occur secondary to bladder outlet obstruction, may persist in some BPH patients \[[@B1][@B2]\]. Antimuscarinic agents have been added after an initial trial with alpha-adrenoreceptor blockers in BPH patients with persistent storage symptoms, despite historical concerns that patients with bladder outlet obstruction might experience urinary retention, and several non-placebo-controlled studies have demonstrated the efficacy and safety of this strategy \[[@B7][@B8]\].

However, antimuscarinic agents have relatively high discontinuation rates. A systemic review of the literature published before 2010 revealed discontinuation rates of up to 31% in 12-week clinical trials and of up to 83% within 30 days in a medical claims study \[[@B9]\]. Dry mouth, the most commonly reported adverse effect, is often cited as the reason for discontinuation, although antimuscarinic agents are associated with high frequencies of adverse effects such as constipation and blurred vision \[[@B10][@B11]\].

In contrast, mirabegron can be used in patients who respond poorly to alpha-adrenoreceptor blockers or are unable to tolerate antimuscarinic agents. The incidences of adverse effects of mirabegron are similar or low compared with antimuscarinic agents. In addition, several studies have concluded that symptom improvement in BPH is more likely for mirabegron \[[@B12][@B13]\], and recently, antimuscarinic agents are being replaced by mirabegron in a combination setting. However, few studies have addressed combinatorial treatment with mirabegron and alpha-adrenoreceptor blockers in BPH with persistent overactive symptoms \[[@B14]\].

In the present study, we investigated the efficacy of adding 50 mg mirabegron in patients with BPH with persistent overactive symptoms after treatment with an alpha-adrenoreceptor blocker.

MATERIALS AND METHODS
=====================

We collected and analyzed data from patients with BPH who complained of LUTS between January 2018 and December 2018. This prospective randomized study was conducted at our hospital and was approved by the Dongguk University Gyeongju Hospital Institutional Review Board before data retrieval and analysis (approval number: 110757-201602-HR-05-03). All participants were new outpatients and received an informed consent form for the study. Laboratory analyses were performed at baseline before the study began and included urinalysis and liver and kidney function tests. In addition, the International Prostate Symptom Score (IPSS), Overactive Bladder Symptom Score (OABSS), maximal flow rate (Qmax), postvoid residual volume (PVR), and prostate volumes (determined by transrectal ultrasound) were recorded. After a 1-week washout period, the IPSS, OABSS, Qmax, and PVR were reassessed and patients were divided into two groups: an alpha-adrenoreceptor blocker only group and an alpha-adrenoreceptor blocker with mirabegron group. Fifty-eight patients were enrolled and assigned to the two groups by use of a random number generator. The patients had been taking an alpha-adrenoreceptor blocker for more than 8 weeks and their overall OABSS was over three points. In particular, the OABSS on question 3 (Q3) exceeded two points. Nineteen patients were treated with alpha-adrenoreceptor blocker only for 8 weeks (the control group), and 39 patients were treated with alpha-adrenoreceptor blocker plus mirabegron for 8 weeks (the mirabegron group). After the 8-week treatment period, total IPSS, IPSS storage symptom subscores, overall OABSS, OABSS on Q3, OABSS on Q4, Qmax, and PVR were recorded ([Fig. 1](#F1){ref-type="fig"}).

Patients treated with 5-alpha-reductase inhibitors within 6 months of study entry, patients treated with antimuscarinic agents within 8 weeks, patients aged less than 40 years, patients with a lower overall OABSS than before treatment, patients with liver (an aspartate aminotransferase/alanine aminotransferase ratio \>100 IU/L) or kidney function (creatinine \>2 mg/dL) findings or abnormal urinalysis (red blood cell \>5/high power field \[HPF\], white blood cell \>5/HPF) findings, and patients who developed a severe adverse effect, such as an allergic reaction or orthotropic hypotension, were excluded during alpha-adrenoreceptor blocker treatment.

We compared continuous variables using the paired t-test and categorical variables using the Wilcoxon signed rank test. All p-values were two-sided and p-values with p\<0.05 were considered significant. Analysis was by use of SPSS ver. 18.0 (PASW Statistics; IBM Corp., Armonk, NY, USA).

RESULTS
=======

Mean patient ages in the control and mirabegron groups were 71.7±7.1 and 69.8±7.0 years, respectively. Mean prostate volumes in the two groups were 30.5±14.0 and 30.3±8.7 mL, respectively. Baseline characteristics were not significantly different between the two groups ([Table 1](#T1){ref-type="table"}). After the 8-week treatment period, the mean total IPSS decreased from 15.7 to 13.1 (p=0.298) in the control group and from 19.4 to 16.5 (p=0.024) in the mirabegron group. Mean IPSS storage symptom subscores decreased in the control and mirabegron groups from 8.5 to 7.9 (p=0.584) and from 9.1 to 7.6 (p=0.015), respectively, and the mean quality of life (QoL) subscore decreased from 3.7 to 3.1 (p=0.052) and from 3.6 to 3.2 (p=0.027), respectively ([Fig. 2](#F2){ref-type="fig"}). The mean overall OABSS in the control and mirabegron groups decreased from 8.4 to 7.2 (p=0.173) and from 8.8 to 7.3 (p=0.005), respectively. The mean OABSS on Q3 decreased from 3.6 to 2.9 (p=0.073) and from 3.5 to 2.7 (p=0.002), respectively, and the mean OABSS on Q4 decreased from 2.4 to 2.0 (p=0.306) and from 2.7 to 2.0 (p=0.016) ([Fig. 3](#F3){ref-type="fig"}), respectively. Mean Qmax changed in the control and mirabegron groups from 12.9 to 14.2 mL/s (p=0.308) and from 15.3 to 14.9 mL/s (p=0.749), and mean PVR increased from 18.0 to 20.6 mL (p=0.472) and from 23.7 to 42.9 mL (p=0.581), respectively, but this intergroup difference was not significant.

Complication rates did not differ statistically in the control and mirabegron groups (16.7% vs. 13.2%, p=0.726). There was one case of dizziness, one case of headache, and one case of nasal stuffiness in the control group, and two cases of indigestion, two cases of dizziness, and one case of headache in the mirabegron group.

DISCUSSION
==========

LUTS are one of the most common clinical symptoms in patients with BPH \[[@B15]\]. LUTS can distinguish between storage and obstructive symptoms, but the incidence rates of these two symptoms are similar and overlap \[[@B16]\].

Alpha-adrenoreceptor blockers are generally used a first-line treatment for mild to moderately bothersome BPH-LUTS. Alpha-adrenoreceptor blockers are also known to improve storage symptoms related to bladder outlet obstruction. Moreover, detrusor overactivity has been identified in 45% to 50% of men with BPH and this percentage increases with the severity of obstruction \[[@B17][@B18][@B19]\]. For these patients, the benefits of antimuscarinic agents in an add-on setting have been well documented in several randomized studies \[[@B7][@B20][@B21][@B22]\]. Therefore, antimuscarinic agents, which were traditionally contraindicated because of the fear of precipitating acute urinary retention, can be safely administered at recently recommended doses to most patients with BPH. However, systemic blockade of muscarinic receptors leads to common, bothersome adverse events such as dry mouth, constipation, and headache \[[@B10][@B11]\]. Mirabegron is a selective β3-adrenoceptor agonist and provides an alternative treatment option with established efficacy in patients with overactive bladder symptoms \[[@B23][@B24]\]. Overall, mirabegron-related rates of treatment-emergent adverse events are similar to those observed for antimuscarinics \[[@B25]\], but the risks for dry mouth and constipation are significantly higher than with mirabegron. However, the therapeutic effects of combined alpha-adrenoreceptor blocker and mirabegron are not well known, and no report has been issued on the topic in Korea.

Lee et al. \[[@B7]\] compared doxazosin with or without tolterodine in 144 patients with symptomatic bladder outlet obstruction and an overactive bladder. In patients with no improvement after 3 months of treatment with doxazosin, 37% with bladder outlet obstruction and 73% with bladder outlet obstruction and overactive bladder improved after the addition of tolterodine to their medication regimen. Acute urinary retention developed in 3.3% of the patients treated with the combined therapy. Recently, Ichihara et al. \[[@B14]\] conducted the first randomized controlled study to address the efficacy of combined alpha-adrenoreceptor blocker and β3-adrenoceptor agonist in patients with bladder outlet obstruction and overactive bladder. The change in overall OABSS during the treatment period was significantly greater in the combination group than in the monotherapy group. Furthermore, changes in urinary urgency scores, daytime frequencies, IPSS storage symptom subscores, and QoL indexes at 8 weeks were significantly greater in the combination group, and PVR was significantly greater in the combination group.

Safety is another important aspect of the management of male LUTS. In the present study, three types of adverse events were reported in seven patients: dry mouth in three patients, constipation in two patients, and headache in patients. However, no patient discontinued their medication and no adverse events associated with urinary retention occurred.

Ichihara et al. \[[@B14]\] reported that 13.9% in the mirabegron add-on group experienced adverse events identified as constipation, acute urinary retention, increased urgency, dizziness, or heartburn, each of which occurred in one patient, and increased hepatic enzymes, which occurred in one patient. Of these patients, 83.3% stopped taking mirabegron owing to the adverse events.

This study had some limitations that should be considered. It was performed on a relatively small sample and had an open label and not a placebo-controlled design and short treatment period. Nevertheless, it was conducted using a prospective design and is the first comparative study to be performed on alpha-adrenoreceptor blocker and mirabegron in Korean patients with BPH.

CONCLUSIONS
===========

Add-on mirabegron after alpha-adrenoreceptor blocker was found to be more effective than alpha-adrenoreceptor blocker monotherapy in patients with BPH with persistent overactive bladder symptoms. Add-on mirabegron improved the total IPSS, storage symptom subscore, overall OABSS, OABSS on Q3, OABSS on Q4, and QoL without urinary retention or severe adverse effects.
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![Study flow chart. BPH, benign prostatic hyperplasia; AST, aspartate aminotransferase; ALT, alanine aminotransferase; IPSS, International Prostate Symptom Score; OABSS, Overactive Bladder Symptom Score; Qmax, maximal flow rate; PVR, postvoid residual volume.](icu-61-419-g001){#F1}

![Changes in total IPSS, IPSS VS, IPSS SS, and QoL in both groups. IPSS, International Prostate Symptom Score; VS, voiding symptom subscore; SS, storage symptom subscore; QoL, quality of life score. ^\*^p\<0.05.](icu-61-419-g002){#F2}

![Changes in OABSS on Q3 and Q4 in both groups. OABSS, Overactive Bladder Symptom Score; Q3, question 3; Q4, question 4. ^\*^p\<0.05.](icu-61-419-g003){#F3}

###### Baseline characteristics of patients in the control and mirabegron groups
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Values are presented as mean±standard deviation.

PSA, prostate-specific antigen; PV, prostate volume; IPSS, International Prostate Symptom Score; QoL, quality of life; VS, voiding symptom subscore; SS, storage symptom subscore; OABSS, Overactive Bladder Symptom Score; Qmax, maximal flow rate; PVR, postvoid residual volume.
